Introduction
In the majority of sensory systems, after receptor activation, specific sensory information travels coded as action potentials towards the thalamus. From there the information travels to the cerebral cortex where, by some as-yet unknown mechanism, the external world 'becomes' our integrated perception. At first sight, this flow of information seems to be linear, organized as a feedforward process with consecutive hierarchical stations. However, the properties of individual neurons at each stage are heavily modulated by feedback from higher to lower areas. In recent years, work has begun to reveal the crucial importance of these feedback connections at several levels and thereby how feedback systems contribute to sensory processing and cognition [1] [2] [3] [4] [5] . At the core of most sensory transmission is the thalamus. For many years this was considered a crucial but passive door to the cerebral cortex, but is now seen as a dynamic relay, where messages can be placed in the context of the attentional state and representations of the external world as it evolves in the higher centres. This occurs via the massive feedback pathway from the cortex and via non-specific modulatory inputs from the brainstem and other areas (Figure 1 ). With a recent renewal of interest in this pathway, and growth in our knowledge of corticothalamic interactions, it is timely to examine the hypothesis that the thalamic mechanism is in fact integral to formation of the cognitive maps that constitute our perception of the external world. This involves a cascade of time-linked and modulatory interactions that evolve in a dynamic, moment-by-moment fashion where cortical and subcortical circuits are part of a single integrated system. Here, we review the ways in which some elements of these circuits work together to enable this process. We consider the situation for thalamic sensory relay nuclei and not interactions that pertain to nuclei that receive projections from layer 5 of the cortex. The main components of this review are drawn from the feline visual system, which has been the ipso facto model for many studies of synaptic mechanisms and sensory processing in the thalamus [6], but we also use examples from other species as necessary.
Elements of the circuitry
In the mammalian visual system, much of the work on circuitry and sensory processing in the thalamus has drawn on the cat, and for simplicity we shall focus on these studies here. For many years, it has been known that the lateral geniculate nucleus (LGN) of the cat receives major projections from the visual cortex [7] . According to both anatomical and electrophysiological studies, corticogeniculate efferent axons originate exclusively from layer 6 of the visual cortex in cats [8] [9] [10] [11] and most other species (e.g. [12, 13] ), and the cells involved can be regarded as a specific functional and morphological class of layer 6 neurons [14, 15] .
Two features characterize the cortical feedback: first, the fibres involved largely outnumber any other projection [16] ; and second, the pathway exhibits a strong degree of retinotopy and enables the stimulus selectivity of visual cortical neurons to influence thalamic circuitry [7] . In cats, the anatomical spread of an individual corticogeniculate axon arbour can be extensive (w1.5 mm), reaching well beyond the region in which LGN receptive fields matching those of the cortical cell can be recorded [11] . Nevertheless, the projection from a given location in area 17 has a centre of maximum terminal density in the LGN w400-500 mm across, which within the LGN is in retinotopic
